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PREFACE. 



The want of a uniform system of topography 
in this country, has been the cause of much ambi- 
guity in our topographical maps and plans. They 
have generally been made according to the taste 
or fancy of draughtsmen, without regard to any 
system whatever; and in consequence, are not 
well calculated to furnish that clear and precise in- 
formation which is expected from them. With a 
desire to aid in estabUshing a uniform and perma- 
nent system of topography in this country, as well 
as to render some assistance to the cadets of the 
Military Academy, in this branch of their studies, 
the author has hastily compiled the following work. 



IV PREFACE. 

The system for shading declivities, under a verti- 
cal light, and showing the inclination of surfaces 
by gradations of shade, is founded upon that of 
Lehman, and by many is considered preferable to 
the obliqtiey or as it is sometimes called, the light 
and shade system. But, as both can be used to 
advantage, it seems proper to introduce them in 
the present work, leaving it to the draughtsman 
to use that which he can best manage. 

Many of the geographical and military signs 
have been taken from those used in the topo* 
grapical bureau at Washington ; others have been 
selected from the best French and German works 
on this subject ; and some have been designed to 
supply deficiencies. 

As the barometer may be used to some advantage 
in topographical surveys of mountainous couutries, 
the formula for determining heights, and an ex* 
ample of its application, have been introduced in 
the Appendix, that those not acquainted with the 
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barometic theory may be enabled to use the instru- 
ment when required. A table has also been intro- 
duced in which the measures of different countries 
are compared with our own. This will be useful 
to those who have occasion to copy maps or com- 
pare them with each other. 
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TOPOGRAPHICAL DRAWING. 



CHAPTER I. 



©EFINITIOH. 



Topograp&icaL drawing is the art o^ represeiit- 
ing the appearance which the surface of the eartfi 
would present to an observer situated above, and 
looking vertically tipon every part of it. 
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CHAPTER II. 



TOPOGRAPHICAL DELINEATION OF HILLS. 

Hills may be represented either by lines, (or 

strokes,) radiating from the summit, and then di- 
verging into curves so as to represent the various 
undulations of their surfaces, or by horizontal 
curves corresponding to the intersection of their 
surfaces, with a system of horizontal planes. The 
former method is termed the vertical system, — the 
latter the horizontal system. 

Figures 1 and 2, Plate I, are specimens of the 
representation of the same hill by these two 
modes. 

The vertical system is generally used, and is 
preferable for many reasons, among which are the 
following : 

1st. It enables the draughtsman to express more 
freely the various features of the ground. 

2d. Strong, characteristic touches drawn across 
the vertical lines will express, with effect, a stratum 
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of rock that frequently occurs in plane^ parallel or 
nearly so, to t]\^ horizon. 

3d. In sketchipg;^ more can be expressed with 
a (^w lines. It requires but a few divergent lines 
to show the situation and extent of a hill ; horizon- 
tal ci^ryes at a similar distance would show no con- 
i^ection amongst other curvilinear lines, represent- 
ing roads; SiLc. 

4th. Roads in a hilly country generally have a 
curvilinear direction, for the purpose of keeping as 
pearly ^ possible in a horizontal plane ; conse- 
quently, the lines representing these roads would 
coincide, or nearly so, with the lines representing 
the ground, in the horizontal system. In the verti- 
cal systetfi these liqes poincide only whjen the accent 
is direct:, which rarely occurs among hills. 

5th. There is less difficulty in softening off the 
t^ase and summit of a hill by the vertical than by 
the horizontal 3ystem. 

6th. The angles, at which the vertical lines meet 
the beds of streams, express the direction and ra- 
pidity of the current. 

7di. It is the style of the engraver, and there- 
fore more suitable for drawings th9.t are to be en- 
graved* 
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The direction of the strokes or shading-lines^ and 
method of determining that direction. 

If a heavy body be rolled down a declinty, and 
acted upon by no other force than that of gravity, 
it will, according to the laws of that force, take the 
shortest direction to the horizontal plane, and con- 
sequently be perpendicular to the intersection of 
this plane with the surface of the declivity. This 
is the true direction of descent, and the one in 
which the shading line should be drawn to repre- 
sent it correctly. Hence, in taking the plan of a 
hill, certain hrizontal lines on its surface must be 
determined to which the shading lines must be 
drawn perpendicularly. These horizontal Unes or 
curves, are the intersection of the surface of the 
hill with a system of horizontal planes, and may 
be determined as follows : 

Let S, (Fig. 4, Plate I,) be the summit of a hill, 
the base of which is marked by the curve ABCD. 
Determine by levelling, by vertical angles, or by 
some other modes, the heights of the points a, &, er, 
&c., (on the surface of the hill,) above a plane of 
reference which, in this csuse, is taken in the plane 
of the curve ABCD at the foot of the hill. Let 
PS suppoi^e the altitude of these points to be re- 
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spectively equal to 6, 10, and 14 feet. The incli- 
nation of the ground at these points must also be 
ascertained. Now construct a scale of inclinations 
from to 45^, as shown in Fig. 3. Lay off AC 
upon AB equal to the intervals between the horizon- 
tal planes, which we will suppose to be 10 feet. 
Draw CE parallel to AD, and the intersection 
of this line with the lines forming the angles 
5°, 10^, 15°, &c., will give the horizontal distances 
Aa, Ab, Ac, &c., of every pair of curves under 
corresponding angles of inclination. The point a 
being 6 feet above the plane of reference, will, 
therefore, be 4 four feet below the first curve. The 
inclination of the ground at this place is 15°, and 
by referring to the scale of incHnatioii, it will be 
seen that Ag is the horizontal distance that the 
curves will be from one another at this angle. 
Divide this line into 10 equal parts, and lay ofi^ 4 
of them above a in the direction a w, and it will give 
a point m in the first curve of intersection. And 
since the point & is just 10 feet above the plane of 
reference, it will be another point in the same 
curve. The point c having an altitude of 14 feet 
is, therefore, between the first and second curves, 
and as the ground at this place has an inclination 
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of 2(f, it will be seen that Af, Fig* 3, is their ho- 
rizontal distance from each other. By dividing this 
line into 10 equal parts, and laying off 4 of them 
below Cj and the remaining 6 above the same, it will 
determine a third point o in the fir^t, and a point J7 
in the second curve. By proceeding in this man- 
ner any number of points may be found, and the 
iiaes drawn through those points, having the samp 
altitude, will be the curves of intersection of the 
surface of the hill with a system of horizontal 
planes. 

There are many other methods for determining 
these curves laid dow^ in works pn si^rveying, which 
it is thought unnecessary to insert here, as the one 
above is deemed sufficiept for the illustration qf 
our subject. 

It is rarely the case in practice that this rigorous 
mode of laying down the curves is resorted to, un- 
less it be for the purpose of a military site, a de- 
filement, or some other work which requires the 
features q£ the ground to be determined with the 
utmost degree of accuracy. Generally it suffices 
to dr^w them by the eye, with reference to the 
inarked heights of objects on the ground, without 
^^ard to the law of equal distances or of continuity, 
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and frequently we only imagine them, to guide the 
hand in drawing the shading lines* With a little 
practice one is enabled, by the eye alone, to di^w 
theise curves with sufficient^ precision to give the 
direction of the strokes. 

All objects situated on the sui^ce of the hill 
should be drawn at the same time as the cutres, 
and with reference to them, whether they be laid 
down instrumentally, or by the eye. 

The curves of intersection, being determined 
and traced on paper, we next proceed to draw the 
shading lines. This is done with a fide 4nd tole^* 
rably stifi* pen, commencing at the highest curves 
drawing the strokes with a steady hand from left to 
right, and perpendicular to the next curve below. 
This row of shading lines should be continued 
around the hill, before another is commenced^ as 
shown in Fig. 5, Plate I. Particular care should 
be taken in drawing the next, and every succeed- 
ing row that the lines do not intrude between those 
of the preceding^ as in Fig. 7, or be separated by 
too great ah intervdv as in Fig. 6 ; for in either 
case, the consequence w^otald be a bad efiect to the 
drawing, and a false representation of ti^e ground. 
For the same reasons, we should avoid leaving a 
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dot at the extremities of the lines, as in Fig. 9| 
which is generally caused by a bad pen, or the use 
of too much ink at once. 

The second row of lines is commenced near the 
extremities of those forming the first, taking care 
to . curve them gradually, so that they will fall per- 
pendicularly upon the next horizontal curve. In 
the same manner should be drawn successively the 
remaining rows< The last row of lines should be 
tapered off so as to blend the surface of the hill 
with the plain beneath, and prevent a sudden tran-' 
sition which is never seen in nature ; the upper 
extremities of the first row should also be softened 
as seen in Fig. 6. 

If the curves be so far apart as to make it in^ 
convenient to draw the strokes at full length, or 
cauJse too great a divergency, intermediate curves 
should be introduced, as x^ and to. Fig. 5. 

When the strokes are made with a pen, the 
curves should be drawn with a pencil, and afterwards 
eraised ; but as the pencil only is used in sketching, 
they cannot be erased without destroying the sha^- 
ding-Iines ; they should therefore be marked in 
very lightly. 
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Method of expressing the inclination of a decli- 
vity. 

The form of a hill is not determined solely by 
the direction of its surfaces^ but also by the angles 
which they make with the horizon. When the 
light by which these declivities are illuminated is 
taken vertically, their angles of elevation may be 
expressed by the gradations of shade which the 
shading-lines can be made to produce. In this 
vertical illumination, the rays of light coincide with 
the visual rays, and are, therefore, perpendicular to 
the horizontal plane. This plane then receives the 
strongest light, because the rej9ected ray coincides 
with the vertical one ; and since the angle of inci- 
dence is equal to the angle of reflection, that 
declivity which has an incUnation of 45^ is the 
least illuminated, because the reflected ray is 
parallel to the horizon. All intermediate surfaces 
would receive a due proportion of light according 
to their inclinations. 

Now 45^ is the greatest slope that it is 
necessary to mark in a topographical drawing, 
because this is the .natural slope, and no hill of 
common earth can be steeper ; even this inclina- 
tion must constantly diminish from the eflects of 

3 
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weather. It ie true, rocks have a greater inclination ; 
for they are frequently perpendicular, and some- 
times projecting ; and therefore require a particu- 
lar mode of representation, which we will give 
hereafter. 

The horizontal plane and the slope of 45° are 
the extremes of inclination. If the former be 
expressed by the maximum degree of light or per- 
fect white, and the latter by the maximum degree of 
shade or pefect black, the proportion of light to 
shade, for any intermediate angle, must be as its 
supplement to 45°, to the angle itself; thus, for 
example, the proportion of light to shade for a slope 
of 15° will be as 45-15 to 15, or as 2 to 1 ; that is 
the intervals between the strokes should be just 
double the size of the latter to express a sur- 
face inclined 15° to the horizon. By a similar 
proportion the size of the strokes to their adjoin- 
ing spaces may be found for all incUnations between 
and 45°. In the table below, this proportion is 
calculated for every five degrees. 
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SLOPRS. 


SPACES. 


— 

STROKES. 


5° 


8 


1 


10° 


3i 


1 


j 

i 15°, 

1 


2 


1 


i 

20° 


ii 


1 


25° 


1 


H 


30° 


1 


2 


35° 


1 


3i 


40° 


1 


8 



This method of expressing relative steepness 
by relative intensity of shade, though perfectly 
accurate in theory, is not readily reduced to prac- 
tice ; on the contrary, it requires of the surveyor 
a vast deal of time and labor; and of the 
draughtsman, the greatest skill and experience in 
drawing, and the utmost precision in estimating 
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minute proportions. Moreover, in the frequent 
copying of hills, even by the best draughtsman, 
they may be materially altered, either by an incor- 
rect judgment of the degree of slope intended, or 
in the execution of the drawing. A slope of 10^ 
may be easily taken for one of 15°, and be so repre- 
sented in the dra vising ; the next person who 
copies this copy judges the 15° to be 20, and thus 
we should have in the second copy a slope of 
20°, which in the original was only 10, This 
system is not therefore well adapted to the begin- 
ner or unskilful draughtsman, and requires some 
modification to render it of utility in practice. 

Various alterations have been made in this sys- 
tem to render it serviceable ; but none seems to 
answer the purpose intended so well as that which 
it has undergone in England. As it is generally 
used in that country, and considered preferable to 
any other, we give it here. 

Instead of endeavoring to represent every 
degree of elevation, or even every five degrees, 
three general slopes only are required to be 
represented with precision ; these slopes are, 
15°, 22 1-2'', (the mean angle,) and 30°, which 
with the two extremes will regulate the shading of 
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hills in the most simple manner^ and enable the 
beginner to be almost as serviceable as the 
experienced draughtsman; besides being suffi- 
cient for all practical purposes. 

It will be perceived from what has been said, 
that the proportion of the interval to the stroke, to 
express an mclination of 15°, is as 2 to 1 ; in 
the mean angle 22 1-2°, the interval is equal 
to the stroke; and in the angle of 30°, the 
interval to the stroke is as 1 to 2. Hence, in 
viewing a topographical drawing made by this 
method, it follows : 

1st. Wherever perfect white is seen, the ground 
is horizontal or nearly so, and perfect black shows 
an inclination of 45°. 

2d. Wherever it is observed that the intervals be- 
tween the strokes are double the size of the latter, 
the ground has an inclination of 15°, when they are 
equal there is an incHnation of 22 1-2°, and when 
the size of the stroke is double that of the in- 
tervals, the ground is inclined 30° to the horizon. 

3d. Wherever we observe the intervals to be more 
than double the size of the strokes, the ground has 
an inclination less than 15°, and vice versa the 
ground would have an inclination greater than 30°. 
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4th, Wherever the intervals are less than double^ 
and not so much as equal to the strokes, the incli- 
nation of the ground is between 15 and 22 l-2^, 

5th. Wherever the strokes are greater than the 
intervals, but not so much as double, the inclination 
is between 22 1-2 and 30°. 

In drawing hills by this system, the draughtsman 
should first construct a scale of shade as shown in 
Fig. 10, Plate I. ; which will guide him in giving 
equal sized strokes to different surfaces having the 
same angle of inclination, and thereby produce 
uniformity in his design. The size of the strokes 
is optional with the draughtsman, only they must 
be fine enough to give the drawing a connected 
appearance, at the ordinary distance of viewing it, 
and at the same time strong enough to be distin- 
guished at that distance. 

The great utility of a topographical drawing, in 
a military point of view, consists in enabling the 
officer to ascertain with sufficient accuracy what 
obstacles will be presented to his ascent, and to 
what extent the ground will admit of manoeuvres. 

In order to show what slopes it is necessary to 
notice in topographical drawings for military pur- 
poses, we annex the following table : 
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GRADATIONS WBICH MAY BE 1 GRADATIONS ADMITTING OF MANCEU- 
ASCENDED AND DESCENDED SINGLY.; VRES. 


CAVALRY. 


ARTIL LERY. INPANTK Y . 


5° 


May move with 
order, and has up 
hill its most effectual 
shock. 


Has a more effec- 
tual fire down, than 
up hill. 


May move with 
order, and has, down 
hill, the most effec- 
tual fire and charge. 


10° 


Can only canter 
downhill; thecharffe 
only possible up hill. 


Moves with diffi- 
culty ; its effectual 
and constant fire 
ceases. 


Its close movements 
become more difficult. 


15° 


May still trot up, 
and walk down hill. 


Moves with great 
difficulty ; its fire to- 
tally ceases. 


Cannot move any 
considerable distance 
with oi-der ; their fire 
up hill without effect. 


20° 


May still ascend, 
at a walk, and de- 
scend without order, 
and that only oblique- 
ly- 




Cannot move in 
order, and can only 
fire singly with ef- 
fect. 


25° 


Light Cavalry may 
ascend one by one 
obliquely, and de- 
scend in the same 
way, but with great 
difficulty. 


* 


Light Infantry as 
before. 


30° 


Light Cavalry may 
ascend as above, but 
with great difficulty, 
and when the slope 
is of soft earth. 




Riflemen, as Light 
Infantry before. 


GRADATIONS WHICH MAY BE 
CLIMBED UP. 


35° 

40° 






Riflemen may as- 
cend with difficulty, 
one by one. 






Riflemen without 
baggage may ascend 
with nelp of their 
hands. 


45° 






Riflemen accustom- 
ed to hilly country 
may ascend as above, 
but with danger of 
falling. 
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Now although the modified system will not 
represent the ground for every 5° of slope, still it 
will show, 

1st. The limit to the ground that admits of 
manoeuvres. 

2nd. Ground that may be ascended and de- 
scended by hght cavalry. 

3rd. Ground on which light troops only are 
effective. 

This representation of the ground is generally 
minute enough for all purposes of the field. 



CHAPTER III 



OBLIQUE LIGHT. 



In the pfededing chapter we have only coosider^ 
ed a vertical light, a result that must occur when^ 
ever shade is made to express degrees of steepness, 
ior it is evident that this could not be done under 
an oblique illumination, siiice the same declivity 
would have more or less shade^ according as it 
was turned more or less towards the direction from 
whence the light came. 

An oblique light is frequently preferred on ae-* 
count of the picturesque effect that is produced in 
the drawing, and the strong relief that light and 
shade afford to objects^ enabling us to forni a bettei' 
idea of their shapd and getneral character ; the 
design too, becomes easy to understand, and ac* 
quires a degree of clearness which renders it in' 
telligible even to those least accustomed to view^ 
itig topographical plans. 

4 
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When an oblique light is used to illuminate a 
plan, it is the common rule to conceive it entering 
at the top left hand corner of the drawing, at an 
inclination of 45^ to the horizon. We see, then, 
very easily, which are the parts necessary to be 
put in shade, and also those that must be left more 
or less in the light ; we say more or less, because 
no declivity should remain entirely without shade ; 
even that which is most directly opposed to the 
light, should have a slight one. The flat and 
horizontal parts only, should remain perfectly 
white, and these, however elevated, or situated in 
the depth of a valley, are represented in the same 
manner ; which would be a great inconvenience, 
had we not the courses of water, and the shading 
of declivities to distinguish them. Should there, 
however, be any doubt on this point, it could be 
removed by covering with a light uniform shade, 
the depth of the valley, which being at a greater 
distance from the eye of the observer, should be less 
vividly illuminated than that which is nearer ; for 
we know that the more objects recede from the 
eye, the more the lights and shades lose their 
intensity. The lights are weakened, and the 
shades pass to a half tint. 
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Should a case occur (which rarely happens) ia 
which it' is necessary to have recourse to this 
method of distinction, care must be taken that the 
shading be not overloaded so as to give to the 
drawing a dull, heavy appearance. 

The oblique light is better for representing 
mountainous countries ; for it often occurs that the 
two sides of a valley rise at equal angles of 
elevation, and shade, according to a vertical 
illumination, would not produce adequate relief, 
particularly when the same inclinations are of 
great extent. 

We will remark here, that ground is always 
sketched as under a perpendicular light, whether 
the finished drawing is to be made under a verti'- 
cal or oblique illumination. 

The shadows of objects are commonly excluded 
from topographical drawings, but there are cases 
where they produce a very good effect. For in- 
stance, should we wish to detach a vertical wall, 
the shadow is an excellent way of doing so, or if 
we have to represent some special object, such as a 
column, monument, pyramid, &c«, which would not 
be well indicated by the horizontal projection alone, 
We may have recourse to the shadow, Fig< 1], 
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Plate I. The shadow not only givea an idea of the 
form of the obj^at, but offt^vf^ a very aimple ii^ay of 
measuring the height^ which is eqnal to the length 
of its sh^dow> when the light is under an ax^le 
of 45°. 

BuildingSi woods, and banks of streams, are 
drawn with a strong line on the sides of these 
objects which lie in the shade* See ctty and 
village^ Plate III* 

Detached trees may be drawn with or without 
shadow ; on level ground it produces a good effect, 
while on declivities it interferes with the shading 
lines* See orchards. Plate III. 

Reflected light, which is a consequence of oblique 
illumination, is not considered in topographical 
drawing, a^ it would only be a source of difficulty 
to the draughtsman. 

As incliqation pannot be expressed by d^pth of 
fshade under an oblique illumination, we make 
use of horizontal purves ; these curves are marked 
in with the pencil, and erased after the shading 
lines are drawn ; the small white spaces left 
between the rows are siifl$cie|it to indicate the 
horizontal curves* 

It is optional with the draughtsman wbotb^r I10 
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makes use of a vertical or oblique illumination, but 
as clearness is the most essential quality of a topo* 
graphical design, it is better to sacrifice to the 
truth and reality produced by the latter, the 
advantage of representing relative steepness by 
relative intensity of sbftde which is offered by the 
former. 



CHAPTER IV. 

TOPOGRAPHICAL DELINEATION OF ROCKS. 

The representation of rocks may justly be con- 
sidered the most difficult part of topographical 
drawing. The great variety of forms under which 
they present themselves, sometimes in large mas- 
ses more or less rounded, frequently in a heap 
of fragments, here regularly disposed in layers 
nearly parallel, and there the same layers broken 
in a thousand ways, requires all the skill of the 
draughtsman to represent them correctly. The best 
rule that can be given is to imitate nature. And 
here a knowledge of landscape drawing is of a 
decided advantage ; for rocks seen from an eleva- 
tion, and represented in horizontal projection, 
present nearly the same features, as when viewed 
in perspective. 

We have given in Fig. 2, Plate II., an example of 
rocks drawn in this manner. 

The layers (which in this case are supposed to 
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be broken and cragged) are indicated by lines 
more or less . parallel, according to their nature. 
Fig. 4. represent the same layers more regularly 
disposed. 

Rocks drawn according to this method, should 
be as little labored as possible, for the perfection 
consists in producing the desired eflect with a very 
few lines. 

But to those who do not possess a knowledge 
of landscape drawing, we present another mode 
of representation, which is the use of short, thick 
lines arranged in masses, as shown in Fig. 6, 
Plate II. 

In either of the above methods the rocks should 
be sketched in, before the shading lines represent- 
ing the declivities are drawn, as in Figures 1.3.5, 
Plate II. 

One circumstanqe regarding rocks it is necessary 
to mention here, because it depends upon an invari- 
able law of natqre, and which we every where meet 
with in a mountainous country ; it is this, that 
whenever a stratum of rock presents a concavity, 
there is found beneath it, a cone of accumulated 
fragments which may be represented by divergent 
lines as seen in Fig. 2, Plate II. When the stra- 
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turn is of great extent, We obBerve beneath it a 
great number of these conea which^ uniting with 
each other, form a general slope as represented in 
Fig. 4. 

A knowledge of geology ig of great assistance 
to the draughtsman, for if he understand the nature 
of rocks, he can better represent them^ 



CHAPTER V. 

DELINEATION OF TOPOGRAPHICAL MINUTI^. 

Thus far we have only treated of hills and rocks ; 
but towns, fields, woods, marshes, water, &c., 
require to be attended to in their places. The 
principal topographical minutiae are represented in 
Plate III. 

Flovnng water is represented by curvilinear lines 
drawn parallel to the shore, the intervals between 
them gradually increasing as they recede from it. 
EachJiae-shoiiU_.be_drawn_itsJl^^ length, before 
beginning another ; for by frequently recommen- 
cing, the lines become of unequal size, which 
produces a bad effect. The two linesthat repre- 
sent the shore should be more strongly marked 
than the others. 

When the shore is rocky the lines should be more 
curvilinear and angular, than when it is smooth and 

sandy. 
Depth of water, or rapidity of the current, is 

6 
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expressed by numbers. It has been attempted to 
express depth by bringing the lines closer to each 
other, and rapidity by making them more or less 
curviUnear ; but by these means we obtain the 
relative not the actual depth and rapidity ; there- 
fore, numbers are to be preferred. 

Standing water j as lakes, ponds, and pools in 
marshes, is represented by horizontal lines drawn 
from left to right. These lines may be drawn en- 
tirely across the surface of the water, or in short 
lines round the shore. See Ponds, Plate III. 

Meadows are represented by small dots, arranged 
two and two. See Plate III. 

Pasture is represented by tufts of grass scat- 
tered unequally over the surface. Plate III. 

Heath is represented by tufts of grass, inter- 
spersed with bushes and shrubs, as shown in speci- 
men. 

Woods may be represented either in elevation 
or projection ; see specimen, Plate III. The for- 
mer mode is the better, for by it they are more 
easily understood. Isolated trees should always 
be drawn in elevation, for when drawn in projec- 
tion, particularly on a small scale, they are apt to 
be taken for other objects. Woods on declivities 
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are represented in projection, but care should be 
taken that they do not interfere with the lines in- 
dicating the slope of the ground ; for this reason 
the trees are drawn previous to the shading lines, 
as shown in Fig. 5, Plate II. The shading lines 
must be limited to the outlines of the trees and 
not drawn across them. 

A wood may be represented as open, thick, or 
impenetrable. An open wood is represented by 
small masses of trees, or single trees scattered 
irregularly ; if it be thick, increase the size of the 
masses, and diminish the number of those that are 
detached ; if it be impenetrable, it may be ox- 
pressed by one entire mass. 

Brushwood is represented by bushes and shrubs, 
drawn as in specimen. 

Cultivated ground may be represented by fine 
stippled lines parallel to each other. If it be on 
the side of a hill, these lines should have a curva* 
ture corresponding to the surface of the ground. 

Gardens are represented as cultivated ground, 
but laid out in a more ornamental manner, and in- 
terspersed with walks, trees, &c. See specimen. 

Orchards are represented by trees placed in 
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parallel rows ; if the shadows be drawn, it in- 
creases the effect. See specimen. 

Sand is represented by dots. A specimen of 
sandy shore is given in Plate III. Sand and 
stones mixed together are shown by dots of un« 
equal size. 

Cotton^ Tobacco^ Rice, and Sugar plantatiansj 
are represented as in specimens, Plate III. 

Vineyards are shown by poles encircled by vines* 
In Hop-grounds the vines are turned in a contrary 
direction. See specimens. 

Fresh Marsh is represented by pools of water, 
interspersed with grassy clumps of eartb, as in 
specimen. 

Salt Marsh is represented by horizontal lines 
with here and there a tuft of grass. See spe- 
cimen. 

Deep Morass is represented in the same man- 
ner as a fresh marsh with the addition of a few 
flags and bushes. See specimen. 

Everglades are represented as deep morasses, 
with the addition of a few palmettoes. 

Inundations are shown by first faintly represent- 
ing the country, over which lines indicating water 
are drawn. See specimen. 



TOPOGRAPHICAL DRAWING. 37 

Cornfields are represented by a number of pa- 
rallel lines, arranged as in specimen. They are 
only distinguished in plans drawn on a large scale. 

For the Geographical and Military Signs, see 
Plates IV. and V. 



CHAPTER VI. 

METHOD OF SKETCHING GROUND. 

In sketching ground the beginner will find more 
difficulty than in copying with the pen, and in or- 
der to be able to make the strokes with accuracy 
and ease, it is necessary to practice drawing them 
at first between the horizontal curves ; after being 
well exercised in this, the strokes may be drawn 
without their assistance — ^yet without departing 
from that rule which fixes the direction of the 
strokes in that of greatest descent. 

The same rules that have been given for draw- 
ing the shading lines with the pen, will also apply 
to the pencil in sketching. 

Let us suppose that we are going to sketch a 
small hill unconnected with any other, and of which 
S, Fig. 1, Plate VIII., is the summit. We first 
trace (either with instruments or by the eye) the 
inferior curve, ahcdy and afterwards others be- 
tween it and the summit. These curves may be 
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continued or broken according to the nature of the 
ground. After they are traced, other objects situ- 
ated on the hill side, such as houses, trees* fences, 
&c., should be drawn. 

The curves being traced, draw the shading lines 
perpendicularly to them. These lines should al- 
ways be drawn from left to right, and towards the 
breast of the draughtsman. If he be on the sum- 
mit of the hill, he should commence at the foot 
directing them towards the top, as shown in Fig. 3, 
Plate VIII. If he be situated at the foot, it will 
be the reverse as in Fig. 4. 

We will repeat the observation made in a pre- 
ceding chapter, that the curves should be traced 
lightly, as they cannot be erased without destroy- 
ing the shading lines. 

A cavity of the same form as an elevation is repre- 
sented in the same manner, and therefore not easily 
distinguished from it, were it not that the edges of a 
cavity are more abrupt than the bottom ; the sha- 
ding lines should therefore commence abruptly at 
the top as in Fig. 5, and be softened towards the 
bottom. This difficulty would not occur under an 
oblique illumination, for that part of a hill which is 
in the light would in a cavity be in the shade, but 
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as we always sketch under a perpendicular light, 
recourse must be had to the former mode of dis- 
tinction. 

When a cavity is much lengthened, there is com- 
monly found at its bottom a stream of water ; this 
alone would prevent confounding the depth of the 
cavity, with the crest of a mountain, even if there 
were in other respects some resemblance in their 
forms. 

We will remark that water-courses are perhaps 
the most sure and simple way of showing, not only 
the lowest parts of a locality, but also the nature of 
the bordering declivities, by their proximity to the 
ridges : for in general, when a ridge separates two 
valleys, the narrower is the steeper side, and if this 
be not always strictly true, it is because the greater 
depth of one of the valleys is the reason of its 
greater width. It is a rule, without exception, that 
for the same valley bordered by ridges of the same 
height, the side which presents the most width is 
the gentlest. But to return to our subject. 

When there are two tops to the same hill, as 
seen in Fig. 6, Plate YIIL, there is found between 
them a gutter or ravine which is marked by the re- 
entering form of the horizontal curves. The 
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shading lines here are difficult to make^ for they 
will meet and cross each other if care be not taken 
to make them very short. It is necessary to mul- 
tiply the horizontal curves in this place more than 
in the convex parts. 

It is often the case that a gentle declivity is suc- 
ceeded by one of steep descent which has nothing 
in common with the first. See Fig. 1, Plate IX. 
The curves of the one are not the continuation of 
those of the other ; there is then an abrupt change 
in the direction of the shading lines^ which takes 
place at the line abc of intersection of these sur- 
faces. This line should be indicated by some 
strong touches. These sudden changes com- 
monly occur on the banks of rivers, and are oc- 
casioned by the wearing away of the earth by the 
current. The ground, in such cases, is represent- 
ed by lines drawn perpendicularly to the course, 
as-seen in Fig. 1, Plate IX. If there be no wear- 
ing away of the earth, the shading lines near the 
borders should turn insensibly in the direction of 
the stream, which is evidently the line of greatest 
descent. See Fig. 2, Plate IX. 

When the ground has but little curvature, the 

shading fines are nearly parallel to each other, and 

6 
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it is evident that in representing an inclined plane, 
they will be strictly so, because the horizontal 
curves degenerate into right lines. Fig. 5, Plate 
IX. But we rarely meet with this case. Those 
declivities which have the most uniform appear- 
ance, still show slight inequalities, which, by allow- 
ing some divergency to the strokes, take away the 
disagreeable monotony of parallel lines. 

In sketching groups of hills, particular attention 
should be paid to the just connection of their de- 
clivities ; for if this be not properly observed, the 
descent of the ground, in those parts, will be in- 
correctly represented. 

A steep declivity is expressed by the shading 
lines being drawn short and close, as in Fig. S, 
Plate IX., while, on the contrary, a gentle slope is 
represented by lengthened lines, separated at 
greater intervals. Fig. 4, Plate IX. This gives, 
to a certain degree, the relative incUnation of the 
ground, which is all that can be expected from a 
sketch. The actual angle should be put down in 
numbers, and when the finished drawing is made, 
the inclination may be expressed by the shading 
lines, or horizontal curves, according as it is made 
under a vertical or oblique light. 



TOPOGRAPHICAL DRAWING. 43 

After haviog made a number of sketches, with 
the assistance of horizontal curves, we should en- 
deavor to represent the ground by the shading 
lines alone ; knowing what ought to be the form 
of the horizontal curves^ if traced, we shall be 
able to give them their true direction. Without 
this guide, the drawing would present inaccuracies. 

Until now we have given examples of uniform 
ground, which are rare. Ground generaliy pre- 
sents some sinuosities more or less decided. 
These are represented by short ariose lines^ drawn 
with a ULunt pencil, as sbown in Fig. 7. Rocks 
may be represented in this mcuiner or ais in 
Fig. 6. 

The shading lines being only a conventional 
way of representing ground without prejudice to 
the objects situated upon it, care should be taken 
that they be not drawn so black, as to conceal or 
obscure those objects which it is important to dis- 
tinguish, and thus render the sketch confused or 
unintelligible. This method of overloading a 
drawing with shade, is frequently resorted to for ef- 
fect, and it is the worst fault into which a draughts- 
man can fall, for it takes away that clearness which 
is so essential in a topographical sketch. 
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In military sketching, which is usually done in 
great haste, a few strokes only are made to repre- 
sent the ground as shown in Plate X. 

Plate XL is a topographical sketch of Fort 
Putnam, and is introduced as a good example of a 
rocky hill. It would be well for the pupil to copy 
this often, to get a free use of the pencil, as well 
as to learn the manner of sketching rocks. 

Little more can be said on sketching. Practice 
alone will render a person expert, and produce 
that freedom of the hand, and certainty of the eye, 
which are so necessary to the natural and correct 
delineation of ground. 









CHAPTER VII. 



TOPOGRAPHICAL SCALES. 

Topographical maps are distinguished from 
topographical plans by their scales ; the former 
being usually constructed on scales from half to 
one inch to the mile, the latter on scales greater 
than one inch, but very seldom exceeding 12 
inches to the mile. 

A topographical map constructed on a scale of 
one half inch to a mile will admit of the represen- 
tation of all towns, villages, main roads, the prin- 
cipal cross roads, and every considerable hill and 
stream. On a scale of one inch to a mile, there 
can be represented all towns, villages, farms, 
woods, isolated buildings, every stream of 600 feet 
in length, and every hill of 100 feet in height, and 
500 or 600 feet in horizontal extent. 

On a topographical plan of two inches to a mile, 
the various features of the ground can be clearly and 
accurately represented ; as also every stream hav- 
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ing a length not less than 300 feet, every pond not 
less than 50 feet broad, and all towns, villages, 
farms, woods, roads, foot-paths, isolated build- 
ings, &c. 

The scale of six inches to a mile is the best for 
military purposes, and is the most suitable for the 
complete delineation of a country. Scales larger 
than this are generally used for plans of estates, 
towns, villages, ruins, roads, canals, &c. 

To construct a diagonal scale. Let AB, Fig* 
7, Plate VIL, be equal to one inch, and it is re- 
quired to construct a scale, so as to give one hun- 
dredth of this line. At the points A and B, erect 
the perpendiculars AD and BC, lay off AD equal 
to AB, and draw DC parallel to AB. Divide AB 
and BC, each into ten equal parts, and through the 
points of division, .01 .02 »03 .04, &c<., draw lines 
parallel to AB. Join .9 with D, and through the 
points .8 .7 .6 .5, iS6C«, draw parallels to .9D| and 
the scale will be constructed, the divisions of which 
will count to one hundredth of AB. Suppose now 
Yh of AB, are required. Place one point of the 
dividers at .05, and extend the other leg until its 
point falls at x ; x.05 will be equal to ■— of AB. 
Scales should always be made on pap^, and of 
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the same kind as that on which the plan or map is 
/ to be constructed, for it will then expand and con- 
tract in the same proportion, and consequently 
^ make the work more correct. 

* 

V 



CHAPTER VIII. 



METHOD OF DRAWING A PERSPECTIVE VIEW FROM 

A TOPOGRAPHICAL PLAN. 

It is sometimes desirable to put a topographical 
plan in perspective, and in order that those unac- 
quainted with the rules of perspective, may be able 
to do so, we will insert here the geometrical con- 
struction. 

Let us suppose S, Fig. 1, Plate VI., and which 
is called the point of sight, to be the position of a 
spectator, looking in the direction SN, which we 
will call the line of sight. Draw through S the 
hues Sm, and S«, making any angle m Sw with 
each other. It is now required to put in perspec- 
tive that portion of the plan comprehended within 
this angle. Lay off on SN, any distance SD, in 
front of the spectator, an^ draw AG perpendicular 
to the line of sight. Divide AG, and DN, into 
any number of equal parts, and through the points 
of division draw lines parallel to AG, and DN, 
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80 as to divide the surface of the plan into squares. 
Now there must be put in perspective as many 
squares as there are squares in the plan. 

Let agf Fig. % be assumed as the base of the 
picture. This line may be equal to tl\e base of 
the perspective plane AG, Fig. 1, or greater or 
less to any extent, but it must be divided into the 
same number of equal parts, and thus a scale will 
be formed for all the objects in perspective. 

From the middle of ag^ erect the perpendicular 
dE^ equal to the required height of the eye above 
the horizontal plane, and through £, draw mEn 
parallel to the base of the picture. Lay off on 
this line either to the right or left of £, a distance 
£m, equal to the distance of the eye from the per- 
spective plane, which in this case will be equal to 
half of AG, since the angle at S was taken a right 
angle, and consequently SD being equal to DG, 
Em must be equal to dg. Had the angle at 8, 
been less than a right angle, the point m would 
faaive fallen at s^ne point o between m and £• 

Now divide ng into six equal parts, correspond- 
iflg to the number of AG, and through the points 
of division, a, 6, c, &c., draw liaes to the point of 
sight £, and these lines will be the perspective of 

7 
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the rertical lines AK, BL, CM, &c., of the plan. 
From the point of distance 7n,* draw the line ma, 
and through the points of intersection j?, ^, r, &c., 
draw parallels to the base of the picture, which 
will each complete as many squares as there are 
vertical divisions. 

To obtain other squares beyond the triangle 
which is included between the base AG, and the 
spectator S, produce ag, in the direction ^A;, and 
lay off the distances gh, My ik, &/C., equal to the 
divisions of ag, and through the points of division 
draw lines to Ibe point of sight E. Then through 
the points of intersection with am, draw other 
horizontal lines ; these Imes will form with the 
vertical lines the perspective of other squares. Id 
this manner may be put in perspective as many 
squares as there are squares on the plan, and then 
the ground plan of any object within each geo^ 
metrical square, may be laid down in its corres- 
ponding perspective square. 

Altitude is represented, according to perspective 
diminution, by nieasuring the given height on the 
horizontal side of that square which includes the 
ground-plan of the object. 

1 — - - - - -| ■ — ■ ■ — — - ■ ■ - -J— — -— r-r -Ti 

* The point of distance is the distance of the spectator from the penpectiTe- 
plane, and is sometimes called the vanishing point of diagonals. 
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OF THE MERIDIAN LINEw^ 

ir is itnpossibie to form a just idea ef th($ situa- 
tion of objects, without the true north and south 
line ; neither can the same survey, made on differ- 
ent sheets, be readily united without it. This line 
should therefore be laid down dh every map or 
plan, and as the variation of the needle is uncer- 
tain, we will insert faer^ a very simple method of 
determining it by the sun/ 

From the extnemity of a slender rod, attached 
to a table and inclined 30 or 40^, suspend a plum- 
met so as nearly to touch the surface. The table 
must then be conveyed to some point laid down 
on the plan, and be made truly horizontal. At 
9 o'clock A. M., and at 3 o^clock P. M., mark the 
extremity of the shadow cast by the rod, and draw 
a line from each of these points, to the point imme-^ 
diately under the plummet. If the watch be cor-^ 
rect, these lines will be of equal length, and the^ 
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line bisecting the angle formed by them, will be 
the true meridian. This line may be determined 
without the assistance of a time-piece, by marking 
the extremity of a shadow some hours before mid- 
day, and the shadow which is of the same length 
in the afternoon, 

This line, which is now determined On the table, 
may be connected with the ground, by placing the 
edge of a role against the line, and looking along 
it to any object on the horizon with which it co- 
incides* If this object happen to be one laid down 
on th^ plan, the line joining it with the station will 
be the true meridian ; if it be a point not on the 
plan, the angle between it and any fixed point muitt 
be observed, and then by protracting the angle, the 
direction of the meridian may be laid down. 



CHAPTER X. 

TO MARK OFF THE MERIDIANS AND PARALLELS 

OF LATITUDE.. 

In order to mark ojftbe meridians and parallels 
of latitude^ it is necessary to know the latitude and 
longitude of at least one point on the map or plan, 
and abo the direction of the meridian. 

If the map or plan comprehend an extent of 
country not exceeding 100 miles square^ the meri- 
dians and parallels of latitude may be expressed 
by parallel straight lines, if it exceed this limit, 
they must have their just curvature. We will first 
consider the former case. 

Let AMFP, Fig. 3, Plate YI., be a map or plan, 
of which @N is the direction of the meridian, and 
X the situation of the known point, which we will 
suppose to be 4^. 16' west longitude, and 47°. 18' 
north latitude. Now as the meridian for every 10^ 
is required, the first on the right of SN being 4°. 10^ 
must be drawn at the distance of 6' irom a;, and the 
first on the left of BN being 4"^, 20' west longitude, 
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^'^^ 



must be drawn at the distance of 4' from x. These 
distances, in the geographical measure of degrees, 
must next be reduced to the meeisure of length 
that has been employed in the survey, which we 
will suppose to have been taken in English miles. 
The annexed Tables, I. and IL, give the geogra- 
phical measure of degrees, and the same reduced 
to English statute miles. 

TABLE L 

Showing the length of a degree of longitude fat 
every degree of latitude^ in geographical miles. 



Lat. 


Qeog, 


Lat. 


Greog. 


Lat. 


Geog. 


Lat. 


Oeo|r. 




milefl 




miles 




miWi 




miles 





60.00 


23 


55.23 


46 


4L68 


69 


21.51 


1 


59.96 


24 


54.81 


47 


41.00 


70 


20.52 


2 


59.94 


25 


54.38 


48 


40.15 


71 


19.54 


3 


59.92 


26 


54.00 


49 


39.36 


72 


18.55 


4 


69.86 


27 


53.44 


50 


38.57 


73 


17.54 


5 


59.77 


28 


53.00 


51 


37.73 


74 


16.53 


6 


59.67 


29 


52.48 


52 


37.00 


75 


15.53 


7 


59.56 


30 


51.96 


53 


36.18 


76 


14.51 


8 


59.40 


31 


51.43 


54 


35.26 


77 


I3.i0 


9 


59.20 


32 


50.88 


55 


34.41 


78 


12.48 


10 


59.08 


33 • 


50.33 


66 


83.55 


79 


11.45 


11 


58.89 


34 


49.74 


57 


32.67 


80 


10.42 


12 


58.68 


35 


49.15 


58 


31.79 


81 


9.38 


13 


58.46 


36 


48.54 


59 


30.90 


82 


8.35 . 


14 


58.22 


37 


47.92 


•60 


30.00 


83 


7.32 ' 


15 


58.00 


38 


47.28 


61 


89.04 


84 


6.28 


16 


67.60 


39 


46.62 


62 


28.17 


85 


5.23 


17 


57.30 


40 


46.00 


63 


27.24 


86 


4.18 


18 


57.04 


41 


45.28 


64 


26.30 


87 


3.14 


19 


56.73 


42 


44.95 


65 


65^6 


88 


3.09 . 


20 


56.38 


43 


43.88 


66 


24.41 


89 


1.05 , 


21 


56.00 


44 


43.16 


67 


23.46 


90 


0.00 ^ 


22 


55.63 


45 


42.43 


68 


22.48 




I 
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TABLE II. 

Showing the length of a degree of longitude for 
etery degree of latitude, in English statute miles. 



(U 



A«{*V 



*.J 



Lat 


Sng. 


Lat 


, Eoff. 


L«t 


Eoff. 


Lat 


Enf. 





milM 




Ittilet 




miles 




milM 


69.2000 


23 


63.6986 


46 


48.0705 


69 


24.7992 


1 


69.1896 


24 


63.2177 


47 


47.1944 


70 


23.6678 


3 


69.1578 


25 


62.7167 


48 


46.3038 


71 


22.5894 


3 


69.1052 


26 


62.1963 


49 


45.3994 


72 


21.3842 


4 


69.0312 


27 


61.6579 


50 


44.4811 


73 


20.2320 


5 


68.9363 


28 


61.1001 


51 


43.5489 


74 


19.0743 


6 


68.8208 


29 


60.5237 


52 


42.6037 


75 


17.9103 


7 


68.6845 


30 


59.9293 


53 


41.6453 


76 


16.7409 


8 


68.5267 


31 


58.3162 


54 


40.6751 


77 


15.5665 


9 


68.3481 


32 


58.6851 


55 


39.^17 


78 


14.3874 


10 


68.1489 


33 


58.0360 


56 


38.6959 


79 


13.2041 


11 


67.9288 


34 


57.3696 


57 


37.6891 


80 


12.0166 


12 


67.6880 


35 


56.6852 


58 


36.6705 


81 


10.8250 


13 


67.4264 


36 


55.9842 


59 


35.6408 


82 


9.6306 


14 


67.1448 


37 


55.2659 


60 


34.6000 


83 


8.4334 


15 


66.8424 


38 


54.5303 


61 


33.5489 


84 


7.2335 


16 


6^.5192 


39 


53.7788 


62 


32.4873 


85 


6.0315 


17 


66.1760 


40 


53.0100 


63 


31.4161 


86 


4.8274 


18 
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Now one degree of longitude^ in the parallel of 
latitude of 47°, being equal, according to Table I, 
to 41 geographical miles, the respective lengths of 
the difference of longitude between NS and kq^ 
and NS and ip^ are found in geographical miles 
by the following proportions ; 

60': 41 miles :: 6': A^^ geog. miles — a:* 
60': 41 miles :: 4': {^^ g^og. miles i« xa 

Take these two lengths in the scale of the map 
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and set them off, the first from x to hj the second 
from X to Uf and draw through the points a and h 
the line kq^ tMkdip^ for the meridians of 4^. 10' and 
4°. 20'. The other meridians are found by setting 
off the distances hc^ cd^ af, Slc.^ equal to ah, and 
through the points c^ d, €,/, &bc.f drawing parallels 
to NS. 

The parallels of latitude are determined in a 
similar manner. The point x being 47°. 18' north 
latitude, that of 47''. 20', will be 2' north of x, and 
the parallel of 47*=^. 10' will be 8' south of x. The 
lengths of the differences of latitude, xz and xy^ 
will be obtained in English statute miles by the 
following proportions ; 

60': 69i miles :: 3' : 2 miles 642J yds. = x 2. 
60': 69i miles :: 8' : 9 miles 410| yds. ^x y. 

By laying ofi* the respective lengths oixz and xy^ 
upon NS, and through the points % and y, drawing 
parallels to WE, they will represent the parallels 
of latitude for 47^ 10' and 47^. 20'. The remain- 
ing parallels are found by making the distances 
between them equal to yz. 

Now let A B C D, Fig. 4, Plate Vt, be a map in 
which is comprehended an extent of country ex- 
eeedtog 100 miles square. We will suppose this 
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map to contain an extent of country between 1^ 
east, and 5^ west longitude, and 25 and 31^ north 
latitude. Let SN be the direction of the meri- 
dian, and the point a aituated 28°. 20' north lati- 
tude, and 1^, 30' west longitude. Find in the 
aame manner aa shown above, the difference of 
latitude between the point a and 28 and 29°. Lay 
off respectively these distances towards S and N. 
Let dh be the length of a degree of latitude thus 
determined ; lay off this distance twice from b to- - 
wards N, and three times from e towards S, and 
the point x will be situated in the latitude of 25°, 
and the point y in that of 31°« Through the 
points X and y draw the lines cyd, and gzh^ per- 
pendicularly to SN. Now the length of a degree 
of longitude in the parallel of latitude of 31° (see 
Table I,) is 51.43 miles ; set off yd equal to one 
half this lengthy and yc equal to the remaining 
half; and the length of a degree of longitude in 
the latitude of 25° being equal to 54.38 miles, set 
off xk equal to one half this length, and xg equal 
to the remaining half. Draw the lines dh and gc^ 
and through the points of division of the line SN 
draw lines at right angles to SN, which will divide 
hd and gc into the same number of degrees. 

8 



58 ' TREATISE, &C. 

Then ghdc will be the projection of 1^ of longi- 
tude including 6^ of latitude. The remaining 
meridians may be determined as follows. From 
the points g and h as centres with a radius equal 
to he or gdj describe the arcs dm and ik^ and from 
the points c and d with the same radius describe 
the arcs vz and tu. Now from the points c and d 
as centres, with a radius equal to cd^ describe 
two arcs intersecting the first at m and e, and from 
h and g with a radius equal to gh describe two 
arcs intersecting vz and tu in v and u. Then draw 
the lines vm and ui, for the meridian of and 3^ 
west longitude ; divide these into degrees of lati- 
tude, and draw parallels from the points of division 
to the corresponding ones in the meridian gc and 
Jid. Proceed in this manner with the meridians 
$1 and zn. 



CHAPTER XI. 

PROBLEMS FOR REDUCING, ENLARGING, ANI) COPY- 
ING MAPS OR PLANS. 

To construct a square that shall he equal to any 
multiple of a given one. 

Let ABCD, Fig. 4, Plate VIT., be the given 
square, and it is required to construct one that 
shall be 2, 3, 4, &c., times its superficial surface. 
Draw the diagonal BD, and lay off Ba equal to 
BD, and the square described upon B« will be 
double the square ABCD. Set off AE equal to 
Ba, and draw BE and the square described upon 
BE or B6 will be three times the square ABCD. 
In the same manner AF being «et off equal to BJ, 
the square described upon BF or Be will be equal 
to four times the square ABCD. And thus may 
be found any multiple of ABCD. 

To construct a square that shall he equal to 
if h h &c., of a given one. 

Let ABCD, Fig. 5, be the given square on AB, 
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as a diameter describe the semi-circle AHB, and 
at the centre E erect the perpendicular EH, then 
draw BH and it will be the side of a square equal 
to i of ABCD. Lay off FB equal to i of AB, 
and erect the perpendicular FI, and the square de- 
scribed upon IB will be equal to i of ABCD. In 
the same manner a square may be constructed 
equal to any part of ABCD. 

To constrttct a square that shall be in any pro- 
portion to a given one. 

Let us 8U[^ose that the square to be constructed 
shall be to the given one ABCD, Fig. 6, as 2 to 5« 
Upon the side AB as a diameter^ describe the 
semi-circle AGB^ and divide the line AB into fire 
equal parts. At the second division erect thepeiv 
pendicular FG, and join AG ; the square described 
upon AG will be to the given square ABCD^ as 
2 to 5. 

To reduce or enlarge a map from one scale to 
another. 

Let ABCD, Fig. 1^ be a map that it is required 
to reduce from a scale M to a scale N, Fig. S. 
Divide the map ABCD into as many squares as 

"I 

it is thought necessary. Draw ah and ad^ Fig. 2, 



T 
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at right angles to each other. Lay off on ah as 
many parts of the scale N, as AB contains parts 
of the scale M, and in like manner lay off on ad 
as many parts of the smaller scale as there are 
parts of the larger scale in AD. Draw dc parallel 
to ahf and he parallel to arf, then divide the rec- 
tangle ahcd into as many squares as are contained 
in the map ABCD, and afterwards construct in 
every square that which is contained in the cor- 
responding square of the given map. In the same 
manner the smaller map ahcd could be enlarged 
from the scal^ N to the scale M. 

If it were required to construct the map ahcdf 
so as to be equal to i» i» h &c., of ABCD, it would 
be necessary first to find, by one of the preceding 
problems, the side of a square that would be equal 
to i. i. 4. &c., of one of the squares contained in 
ABCD, then by laying off on ah and adj as many 
times the side of this square as there are divisions 
on AB and AD, and afterwards through the points 
of division drawing parallels to ah and ady as many 
squares will be formed as there are squares in 
ABCD, the sum of which would be equal to 
i i *. &c., of ABCD. 
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Besides the method of redacing and enlarging 
maps, by proportional squares, the pentegraph 
and proportional compasses are used to great ad- 
vantage for the same purpose. 



CHAPTER XII. 



FORMATION OP LETTERS. 

The formation of letters is not entirely unim- 
portant; in a topographical drawing. When well 
or ill made, they increase or diminish the effect 
and beauty of the piece. It is well, therefore, to 
exercise one^s self a little in constructing them. 

The size of the letters ought to be, to a certain 
degree, proportional to the size of the drawing, 
and the scale on which it is made ; but as no pre- 
cise rule can be given on this point, it must be left, 
in a great measure, to the taste of the draughts- 
man. All that we can say is, that it is better to 
make them too small than too large. At all events 
let them be distinct. 

The space that the letters should occupy being 
determined, rule it into squares and construct the 
letters as in Plate II. 

The names of the principal objects, such as 
cities, towns, lakes, &c., should be written larger 
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than those of less importance, as villages, brooks, 
farms, &c. The names of water-courses and 
roads are written in their direction, but the names 
of cities, towns, villages, farms, &c., are written 
horizontally. 

In placing the names on the plan, care must be 
taken that no part of the topography be altered 
or obscured by the letters. 
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To determine heights barometrically. Heights are deter- 
mined by the barometer, on the principle that the density of the 
air decreases in a geometrical progression as we ascend, the in- 
' crement of ascent being in an arithmetica^ progression. The 
barometer being an instrument which shows the density of the 
air at any time and place, it follows that if two- barometers be 
placed at different altitudes, and simultaneous observations on 
them be made, the difference of altitude will be found, since the 
law of progression is known. But as the air is rairified by heat, 
which is sometimes different on different levels at the same time, 
which causes the length of the barometic column to be affected 
at the rate of .00290 English inches' for every degree of Fah- 
renheit's thermometer, it therefore becomes necessary to have an 
attached thermometer to show the heat of the instrument, and a 
detached thermometer to show that of the surrounding air. 
These circumstances render the formoia somewhat complicated. 
It is not our intention to demonstrate the manner in which every 
term of it is obtained, but simply to give the formula and an 
application. 

9 
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FORMULA. 

(10000 1 ± 468(i) X (l+(w — 32°) .00245) 

I = difference of logarithms of heights of barometer. 

d = difierence of degrees of attached thermometer. 

m = mean of the two temperatures shown by the detached 
thermometer. 

^'When the attached thermometer is highest at the lowest station 
the negative sign is used, and when lowest at that station the 
positive sign. 

Wc will now make an application of the formula. 

Barom. At. Ther. Det. Ther, 
Ob. at lowest station, 28.42 50.6 48 

Ob. at highest station, 28.21 58.2 58.9 



7.6 = ^2)106 9 



Log. 28.42 = 1.453624 
Log. 28.21 1.450403 



53.46 = m 



0.003221 = I 
Then 10000 / « 10000 x 0. 003221 = 32,21 

+468(i= 468x7.6 = 3.5568 

itt-32o = 53.45 — 32 — 21.45 

Substituting tlfese values in the formula it becomes: 

(32.21 + 3.5568) x (1 + (21 .45). 00245) = 

47.2872 fathoms or 283.72. feet, the difference of level 
required. 

In the above formula the result is always in fathoms, which 

being multiplied by 6 reduces it to feet. 
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MEASURES OF DIFFERENT COUNTRIES. 

Geographical miles in a degree .60 

English miles ..... 69j: 

Scotch miles . . . * . . 61| 

Irish miles ...... 54^ 

Grerman miles . . .15 

Dtitch miles or leagues . . 19 

Prussian miles . . .16 

Hungarian miles ..... 13i 

Danish miles ...... 14} 

Norwegian and Swedish miles . . 10^ 

Tuscan and Milanese miles . .67 

Italian miles . . . ^ 60 

Piedmontese miles . . . . .48 

Ancient Roman miles . . 75 

Grecian miles used in the Archipelago about . 95^ 

Grecian miles used in Turkey, each 4232^ Eng. feet 88 

Mil Kebir, or great Arabic mile, . . .50 

Mil Sogair, an Arabic measure . . 95^ 

Giam, an Arabic measure, each = nine great miles . 6f 

Marine league . . . 20 

French league . .26 

Spanish league of 7572 varras . 17^ 

Portuguese league . . ' . .19 
Turkish agach or league . . .22 

Turkish berri . ' . . 66^ 

Great parasapgs or Persian leagues * . 17 

Common parasangs . . .25 

Japanese leagues *. 33^ 
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* 


Russia wersts ... 


. 104i 


Hindoostanee coss, Northern provinces 


36i 


Indian coss, in Delhi 


. 34^ 


Sultany coss .... 


174 


Mogully coss . * . . . 


41 


Royal coss .... 


26i 


Carnatic coss .... 


37i 


Brammy or Punjaby coss 


66 


Malabar Grau .... 


10 


Siam Roening varies from 20 to . 


33 


Chinese modern li . . . 


. 334 



French metre = 39.771 English inches. 
1609.32 metres = 1 English mile. 
Old French foot = 12.78933 English inches. 
" toise = 6.394665 English feet. 
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